Summary: Most pediatric orthopaedic interventions are intended to improve or preserve physical function. yet their outcomes have been assessed using primarily surro gate measures (e.g.
scales relevant to pediatric orthopaedics are described according to their target population, purpose, method of administration, content, and quality of standardization. These scales have been further classified according to a new tallonomy. The unique aspects of measuring physical function in children are discussed and include the effect of age and development. method of reporting, and ques tion formats. Standardized measures of physical function based on physical-activity ability exist and should be used more frequently to assess pediatric orthopaedic interven tions. Key Words: Measurement-Orthopaedics Outcome assessment-Physical function.
Most pediatric orthopaedics treatment strategies are intended either to reduce existing physical dis ability [which has been defined as limitation in physical activity (65)] or to prevent future physical disability. Orthopaedic surgeons, however. have re lied primarily on surrogate measures of physical function (e.g.• range of motion and radiographic measurement) to assess the effectiveness of inter ventions. Surrogate measures are popular because they are easy to use, bear immediate relevance, and appear to be reliable. However, surrogate measures are not necessarily reliable (69), and more impor tant, may not accurately represent changes in phys ical disability [e.g., despite radiographic curve cor rection in children with spina bifida, walking ability may decrease (40)]. Thus, although surrogate mea sures may be important in day-to-day clinical man· agement, physical-function measures based on ac tivities are arguably the most cogent outcomes of orthopaedic interventions.
Many activity-based physical-function scales ca pable of assessing the effects of clinical manage ment have been developed in the rehabilitation field but have not been widely used by orthopaedic sur-geons. Surgeons' infrequent use of such scales may be attributed to a lack of awareness of the existence of appropriate scales, difficulty obtaining scales, or unfamiliarity with the factors to be considered in selecting scales. In addition, because measurement of pediatric function has many special problems, such as the impact of growth and development. which few of the existing scales have completely addressed, surgeons may have deemed these scales inadequate for inclusion in clinical practice or re search.
The purpose of this article is to aid surgeons in using activity-based measures by (a) cataloguing ac tivity-based pediatric physical-function measures with direct application to pediatric orthopaedic practice; (b) explaining the options relevant to se lection of appropriate scales; and (c) discussing some of the special problems of measuring physical function in pediatrics.
Physical function is defined in this article as the ability to use the musculoskeletal system to interact with the environment in a purposeful way for the performance of activities of daily living, mobility (e.g.• manual dexterity, transfers, ambulation), and leisure activities (16, 42) . Physical function is a dis tinct subcomponent of more global health measures such as functional status (16), health status (l,42, 52,56) , and quality of life (42, 63) . Because of the nature of orthopaedic interventions, the physical function components of patients' status is the most likely to be affected and therefore is the focus of this article.
Standardization refers to the reliability. validity. and the responsiveness or discriminative ability of a measure. Reliability (reproducibility or consis tency) is the degree to which the scale will yield similar answers when the measure is repeated (60). Validity (or accuracy) is the extent to which the scale measures what it is intended to measure. Scales intended to evaluate change must also be able to detect clinically important change, which is termed responsiveness (or sensitivity). Scales in tended to measure patients' status must be able to classify subjects correctly. which is termed discrim ination and is quantified in terms of specificity and sensitivity (51).
METHODS
Physical-function measures were identified for review from three sources: a computerized litera ture search, the experience and resources of au thors and colleagues, and the reference lists of pub lications identified using the first two strategies. The computer searches were conducted using the MEDLINE Index for the years 1984 to March 1993 and the allied health literature from 1984 to Febru ary 1992.
Scales were included in the review if the primary intent of the scale was to quantify activity-based physical function. Scales were excluded jf they were developed for adult populations without spe cific documentation of pediatric application or were developmental milestone inventories (assuming a "normal" developmental sequence). Developmen tal scales have been extensively reviewed else where (8, (12) (13) (14) (20) (21) (22) 27, 43, 44, 58, 61, 62) ; however, one example has been included in the Appendix to promote an understanding of where these scales fit into the taxonomy.
RESULTS
The literature review identified 147 articles. The vast majority of the scales focused on developmen tal assessment (e.g., Hughes Basic Gross Motor As sessment), psychiatric or behavioral assessment (Child Behavior Check List), and intellectual apti tude (Weschler Scales, lIIinois Test of Psycholin guistic Abilities), as has been previously reported (32). Twenty-one scales relevant to pediatric ortho paedics remained after exclusions: 13 were devel oped primarily for a pediatric population; four are adult scales modified for a pediatric population; and four are adult scales that have not been modified for children but have been used to measure pediatric physical function. These 21 scales are presented in the Appendix; however, the Appendix is not ex pected to be exhaustive..
For ease of use, the Appendix is subdivided into three sections: scales for children with neurological impairments, scales for children with arthritis, and scales that are not specific to any disease (also called generic scales). Within each section, the scales are listed according to a taxonomic classifi cation. Column 1 lists names of the scales and pro vides references intended to assist the reader in the further investigation of pertinent scales. In several cases, a publication of the original scale develop ment was not found; thus, the reference cited may be not the original author but a secondary source that presents a sufficient degree of detail for those interested in pursuing this scale further. Columns 2 to 7 are intended to aid surgeons in choosing among the available scales by describing the scales accord ing to criteria that should be considered in the se lection of appropriate scales and are described in detail in the following paragraphs.
Purpose of the measure
Column 2 discusses the intended use of the mea sure. Scales may be discriminative (distinguish be tween groups of patients), evaluative (detect change), or predictive (forecast the results of sub sequent evaluations) (28). In clinical practice, sur geons are most often interested in evaluating the effect of interventions and thus predominantly seek evaluative scales. A scale developed for one pur pose is not necessarily valid if used for a different purpose or population.
Domains, format, and scoring
Column 3 lists the functional domains that the scale covers, the fonnat of the questions (e.g., vi sual analog or categorica!), and how the questions are scored and aggregated. In some instances, full information was not available.
Population
Column 4 describes the population(s) on which the scale has been applied. Note that a scale's dis criminative ability may be specific to the age or disease group for which it was developed. The mea sure must also be capable of scoring the full range of ability and disability expected in the study popula tion.
Method of administration
Column 5 describes the details of administering the measure, including by whom (e.g.• clinician or self-administered), how (e.g., observation or inter view), to whom (e.g., child, parent, or proxy re porter), and the time and special equipment require ments.
Standardization of the measure
Column 6 contains details of the published reli ability, validity, and responsiveness testing of the scales. The specifics of each scale's standardization testing can be found in the references cited in the Appendix and Should be reviewed before selecting a. scale (9, 46, 60, 68, 69 • Seales must be selected on the basis of their purpose and population. It was not feasible to put this into the taxonomy, as there is considcmb\e overlap in purposes and populations. Vol. 15. No.2, /995 viewer bias. The difficulties inherent in self-report measures include uncertain comprehension or inter pretation of the questions and response bias (59).
Capability measures have the advantage of poten tially measuring all children in a consistent setting and being able to determine their best ability, but findings may not relate to their community func tion. Performance measures may better reflect their usual physical function by taking into account the child's usual social, environmental, and emotional settings, but improvement in performance may lag behind improvement in physiologic parameters and capability (e.g., a child may have the required range of motion to climb stairs and be capable but not yet perform the activity at school).
DISCUSSION
Physical-function measures are infrequently used by pediatric orthopaedists. possibly because of lack of awareness of existing scales, limited availability of the scales, difficulties in making appropriate se lections, or because of the special problems inher ent in the measurement of pediatric function. The identification and description of 21 scales that are potentially appropriate for pediatric orthopaedics attempt to address the· first two obstacles. We hope the taxonomy presented in this article and the dis cussion of criteria for scale selection will aid sur geons in choosing among the available scales. Fi nally, the special challenges of measuring physical function in children must be addressed. Clinical ap plication of physical-function scales should offer substantial benefits to research, provided there is some recognition of the effects of age, growth and development, the impact of the parent in reporting, and the framing of questions and response options.
Age, growth, and development
Prime considerations when evaluating the appro priateness of a pediatric scale for a specific popula tion are the age for which the scale is applicable and the effect of development on sequential scores. Due to development. age has a distinct impact on ability to perform certain activities and on their relative importance. For example, tricycle riding is an im portant part of physical function at age 4 but not at age 8, even though the motor skills required are still present.
At least two methods may accommodate for the effects of age. First, a comprehensive scale may be developed that covers physical function across all age groups, such as the Rand Health Insurance Scale. This method is simple because only one scale is required for all children, but it may not be respon sive to clinically important change. A variation of this method is to have a single scale but correct for age or stage of development by dividing the child's score by the maximum potentiai score for the child's specific age. For example, a 4-year-old might have a maximum score of 100 points. whereas on the same scale, a 5-year-old might have a max imum of 120 because of advanced motor skill level. If a child scores 80 at age 4, has surgery, and sub sequently scores 96 at age .5 (both standardized scores are equal to 80% of expected), then no im provement can be attributed to the intervention be yond that which would have occurred with devel opment. (Note, however, that the absence of a de cline may be a clinically important finding indicative of success.) The process of age-adjusted scores requires normative data on the populations in question, and expected scores for disabled chil dren are rarely available.
The second option is to use scales that are appro priate for limited age groups. This, however, re quires multiple scales to accommodate various age groupings and makes measuring the effect of an in tervention in children who cross over into a new age category during the trial very difficult. Thus age specific scales are not recommended unless a trans lation between scales for different age groups has been clearly detennined.
Self, parent, and proxy report
If the decision has been made to evaluate physi cal function indirectly, then the source of informa tion must be selected: child, parent, or a proxy. When the focus of the intervention and research is the child, then the child should be the source of information. Parent report is required for patients whose communicative capacity is impaired by age, illness, or cognitive ability. Alternatively, proxy re port can be used and may be advantageous when strong parental bias is suspected.
Context
The environmental conditions are particularly im portant when measuring physical function because they define whether capability or performance is being measured and affect the outcome (e.g., the degree of motivation, environmental distractions, and the presence of parents may significantly affect children's physical function). Additionally, physical function can be measured in multiple ways depend ing on the wording of the questions. Questions may ask about quality or quantity of function, each po tentially yielding a different outcome. For example, physical function can be measured on a scale of independence, which can be affected by physical function, availability of supports, and Willingness to accept assistance. The social construction of child hood is such that most children have readily avail able supports and may also be willing to accept as sistance; therefore, independence measures may overestimate children's disability. Thus physical function measures should not be adopted without consideration of contextual issues. Children's abil ity to comprehend certain question formats (such as visual analog scales) may also change as a function of age and requires consideration.
In summary, this article has addressed the prob lems of availability, difficulties in selecting appro priate measures, and conceptual and methodologi cal issues unique to measuring physical function in children. Appropriate scales can be selected using the references. standards, and taxonomy provided. Clinicians are encouraged to include activity-based function outcome measures in clinical and research practice, provided that they evaluate the existing scales carefully with regard to population, purpose, and standardization. Future research will be required to determine the relationship between performance and capability, the agreement between parents and children, and the preferred context to measure physical function. These issues do not have a single correct answer, but none of the difficulties precludes the use of these activity-based measures. Finally, because or thopaedic interventions are intended to improve (or maintain) function, evaluations of surgical therapy should include measures of physical function, which can then be interpreted on the basis of clin ical expectations. (Cunl/nued) 
